and an amount of fluorine ion effective to provide at least 0.01 mole of fluorine ion per liter of solution, said solution being effective to etch without evolving a gase ous product.
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WET CHEMICAL ETCHING OFFI/V SEMCONDUCTOR MATERAL WITHOUT GAS EVOLUTION GOVERNMENT CONTRACT
This invention was made or conceived in the course of or under Contract No. N00014-78-C-0268, with the U.S. Government, as represented by the Department of the Navy.
BACKGROUND OF THE INVENTION
In the production of integrated circuits utilizing a III/V semiconductor material, such as gallium arsenide, GaAs, for radar applications, it is often desirable to fabricate holes through the semiconductor chip. These holes in the semiconductor, called "vias', provide con nections to electrical ground on the back of the chip.
Vias eliminated almost all of the parasitic inductance associated with bond wires to ground. Vias can be par ticularly important to a good performance of large power transistors. It is also desirable to etch sharply defined, deep, flat-bottomed recess-tubs in III/V semi conductors, capable of containing a variety of elec tronic elements. Additionally, vias can be etched at the bottom of previously etched tubs, One method of fabricating such vias and recesses, involves wet chemical etching. In this approach, a suit ably masked wafer is immersed in a bath of etching solution. The etchant then eats through, the exposed areas of the wafer. Good yield for this process is criti cally dependent on the etching characteristics of the chemical bath. The bath must etch smoothly and uni formly across the wafer. The etchant should be compat ible with an etch mask that is easily applied to the wafer and easily removed.
Schwarzenberger, in-U.S. Pat. No. 3,158,517, formed recesses in semiconductor bodies by applying an etch ing solution, having a pH of about 6, and consisting of 2 ml. of 30% H2O2, 1,000 ml. of H2O, and 100 g. of NH4F, through selected areas of photo-resist lacquer.
Y. Mori et al., in J. Electrochem. Soc, Vol. 125, No. 9, pp. 1510 -1514 , 1978 , surveyed etching GaAs wafers using various mixtures of 85 wt.% H3PO4, 30. wt.% H2O2 and H2O. Kuhn-kuhnenfeld et al., in U.S. Pat. No. 4,100,014, taught etching GaAs semiconductor wafers in a bath of 1 to 30 wt.% of HF, 2 to 30 wt.% of H2O2, 1 to 75 wt.% of H2SO4 and 15 to 95 wt.% of H2O.
While these etching solutions are effective in varying degrees, gas is usually evolved during dissolution of the GaAs. The bubbles of gas in the etch solution are a major point of difficulty, since they can be as large as the mask openings and block the flow of etchant to the wafer. What is needed then is an etching solution that will dissolve III/V semiconductor material, such as GaAs, uniformly and smoothly without the evolution of undesirable gas.
SUMMARY OF THE INVENTION
The above problems have been solved and the above. This etching solution is especially compatible with positive photo-resists. It acts as a particularly effective solvent solution for GaAs and is characterized by the remarkable behavior of dissolving GaAs smoothly and uniformly without evolving a gaseous product. In addi tion, the etching solution of this invention simplifies masking procedures. It eliminates the need for a dielec tric adhesion layer, such as Si3N4, the negative photo resists, with their high bake out temperatures and chem ically corrosive strippers. Further, deep-etched tubs or recesses using the etching solution of this invention advantageously have flatter bottoms than recesses pro duced by sulfuric acid type etchants which are difficult to use for deep patterned etching. wt.% aqueous HCl, to prepare the surface for a photo resist. A positive photo-resist mask is then spun, sprayed, dipped, or otherwise applied on the wafer surface, as is well known in the art. Usually, the wafer is coated with the positive photo-resist and the coated body is exposed to light with the exception of the area to be masked, which is either covered with a photoresist mask, an opaque material or otherwise shaded. The exposed area is then removed by a photoresist devel oper technique well known in the art.
BRIEF DESCRIPTION OF THE DRAWING
The etching solution of this invention is then applied to the semiconductor body for a time effective to pro vide the etching desired through the mask free areas, usually a flat-bottomed tub recess or a via hole through the body. The etching solution is then washed from the semiconductor body with a mixture of phosphoric acid This means, for example, if NaF were to be used as the fluorine ion containing compound, 0.5 mole of NaF or (22.9-19)/2=20.95 grams of NaF would be added to 1 liter of phosphoric acid:hydrogen peroxide:water solution to provide 0.5 mole of F ion. In the discussion throughout, the term "phosphoric acid solution' will mean 85 wt.% H3PO4 solution, the term "hydrogen peroxide solution' will mean 30 wt.% H2O2 solution, the term "hydrofluoric acid solution', will mean 50 wt.% HF solution, and the term "ammonium fluoride solution' will mean 40 wt.% NH4F solution.
Only these components within the ranges set forth above will provide a non-gassing effect. Use of iodine, bromine or chlorine compounds causes various gassing effects. As mentioned hereinabove, such gas evolution is highly undesirable, since the bubbles can be as large as the mask openings and block the flow of etchant to the wafer. While the etching solution of this invention is useful with all III/V semiconductor bodies, the descrip tion below is directed to the preferred gallium arsenide 25 material.
The etching solution of this invention acts by solvat ing the Ga and the As. Phosphoric acid acts as a vis cous, acidic medium for the etch. The hydrogen periox ide acts to oxidize the Ga and the As. Arsenic trioxide, As4O6, formed by the reaction is slightly soluble in water to give arsenious acid. Gallium is also slightly soluble, in aqueous solution formed as Ga(H2O)63. I claim:
1 2. The etching solution of claim 1, where the phos phoric acid is an 85 wt.% aqueous solution and the hydrogen peroxide is a 30 wt.% aqueous solution.
3. The etching solution of claim 1, where the fluorine ion is added as a compound selected from the group consisting of aqueous HF and fluorine salt.
4. The etching solution of claim 1, wherein the fluo rine ion is added as a compound selected from the group consisting of NH4F, KF, NaF and mixtures thereof. 
